Introduction
Ventriculo-peritoneal shunts (VPS) is a simple, easily performed therapeutic option, offering good results in the treatment of obstructive hydrocephalus.
As the peritoneal cavity is wide enough to absorb cerebrospinal fluid (CSF) and provides a suitable media, the incidence of shunt-induced complications are not uncommon (1) . Shunt complications can be divided into three main groups: they are mechanical complications, infectious complications and functional complications. Mechanical complications are related to the inserted shunt devices. Infectious complications are induced by the implanted foreign material. Functional complications are due to inappropriate flow within the shunt (1, 2) . The most frequently seen abdominal complications of the VPS are infection, peritonitis, and accumulation of CSF and cyst formation. However, the rare abdominal complications are migration of the peritoneal catheter into the abdominal organ and structures, organ perforation and laceration (2, 3) . High rates of complications as well as different types of complications are reported following VPS procedures. The rates of reported complications rang from 24 to 47% and about 25% of these are abdominal complications. The incidence of intestinal perforation is 0.1%-0.7% (4, 5) . Migration of VPS catheter to the scrotum, heart, umbilicus, Morgagni, perforation of the abdominal wall, perforation of the intestine, vagina, uterus, bladder and stomach, volvulus, omental cysts and peritonitis are some of the known abdominal complications (4, 6) . VPS is a frequently used therapeutic option in the treatment of hydrocephalus. However, despite its easy installation, it may lead to few serious and rare complications that increase mortality and morbidity (4, 7) .
In the present report, two cases of shunt complication, who were operated for hydrocephalus are presented because of their unusual presentation. enlargement and a prominent anterior fontanel. He did not have any abnormal findings of sepsis or peritonitis and the laboratory findings were normal. As hydrocephalus was diagnosed and a VPS operation was done. A blunt tipped trocar was used during insertion of the peritoneal catheter into the peritoneum. On the second day after surgery, cranial neuroimaging showed marked shrinking of the ventricles. During this period he was severely irritable, there was abdominal distention and tenderness. The physical examination was unremarkable except for abdomen findings. Routine laboratory investigations and CSF examination were also normal. He was managed conservatively. On the third post-operative day, he was re-operated because there was anal protrusion of VPS. Abdominal surgery revealed widespread bowel adhesions and perforation in the colon due to the catheter. VPS catheter was removed and the region of perforation was repaired. A new VPS catheter was inserted. The patient was allowed oral intake on the 5th post-operative day. The patient was followed for 2 years, and has since been free from abnormal symptoms and signs.
Case 2
The case was a 7 months old boy who was referred to our clinic because of head enlargement. Hydrocephalus and malnutrition were diagnosed; therefore, a VPS was inserted. The peritoneal catheter was inserted into the peritoneum by open surgery. No intestinal organ damage was observed during operation. Post-operative radiological studies showed decompression of ventricles and no complication was noted during postoperative period. Later, the patient was referred to the Department of Pediatrics for the management of malnutrition and then he was discharged from the hospital in good condition. During follow-up he was asymptomatic and had a well functioning shunt on digital palpation of shunt chamber. However at 6 th months follow-up, he presented to us with anal protrusion of shunt tube. Physical examination showed fever, neck stiffness, abdominal distension and tenderness. Laboratory investigations were as follows: white blood cells count 25.200/mm 3 , hemoglobin 13.4 g/dL, erythrocyte sedimentation rate 9 mm/h, C-reactive protein 14.1 mg/dL. CSF examination revealed red blood cells count 0/mm 3 , white blood cells 4/mm 3 , protein 96 mg/dL, and glucose 61 mg/dL. No microorganism was cultured from blood or CSF.
The patient was operated because of suspected purulent meningitis and peritonitis. During the operation the ventricular shunt was removed and an external ventricular drainage catheter was inserted. After the operation, oral feeding was stopped and total parenteral nutrition was initiated. Because CSF examination was found to be normal on the 6th day after the operation, he was re-operated, when an external ventricular drainage catheter was replaced by fresh shunt assembly. He was symptom-free during the follow-up period for one year.
Discussion
Wilson et al. (5) first reported an intestinal perforation induced by a distal shunt catheter. In a review carried out by Park et al. (8) , they reported 50 similar cases in the English literature, and they noted that this condition, commonly affected young patients more. In our report one of the cases was 2 months old and the other was 13 months old.
Nishijima et al. (6) suggested two reasons for the frequent development of intestinal perforation due to distal shunt catheter in children: the first one is that children have a weak intestinal musculature, which can be easily perforated by hard-tipped catheters and the second is that younger patients have stronger intestinal peristaltic activity when compared to older patients. Christopher et al. (9) reported that intestinal perforation due to shunt catheterization was related to a previously undergone abdominal surgery and a former infection. Gregory et al. (10) said that the formation mechanism of this complication arises from a narrow area where the peritoneal tip is jammed which normally functions independently and as a result of this condition, a vast migration to peripheral tissues due to chronic irritation occurs. Additionally, Davidson et al. (11) reported that malnutrition and a former abdominal surgery may increase the risk of migration due to adherences arising from infection. Park et al. (8) also stated that application of hard tipped and sharp peritoneal catheters increases the risk of such complications. In the present report, we defined two cases with different mechanism of occurrence, in one it was acute-traumatic type, while other was secondary to chronic and irritative process. We believe that all such complications can be classified under these two headings.
In our first case we assumed that the previous abdominal infections had lead to abdominal adhesions and the use of trocar to introduce the peritoneal catheter into the peritoneal cavity were contributing factors leading to the acute-traumatic complications. In the second case, we concluded that malnutrition enhanced chronic irritation and caused intestinal perforation while it was also considered as a chronic-irritative condition that led to such complications.
On reviewing literature, taking into consideration the patients' clinical condition and the method used for surgery, risk factors can be considered that related to intestinal perforation by the shunt catheter tip as a complication. These include, child of low Ventriculo-peritoneal shunt catheter and anal protrusion N Yılmaz et al socioeconomic status, suffering from malnutrition, previous abdominal surgery and infection and inflammation. Risk factors attributed to the shunt device include, hard-tipped shunt devices, sharp and long peritoneal catheters. During the operative procedure the trocar that is used to place the peritoneal catheter into the peritoneal cavity increases the risk of such a complication (8, 12) . In the report by Park et al. (8) the most significant finding of intestinal perforation was protrusion of the distal shunt catheter from the anus. In our two cases of acute-traumatic and the chronic-irritative form, the definite diagnosis was reached on seeing protrusion of the peritoneal catheter from the anus. Once again, findings leading to infection were demonstrated as the most frequently encountered second symptom (13, 14) .
In our report, there were no findings related to infection present in the abdomen and central nervous system (CNS) in the case of acute-traumatic induced intestinal perforation, whereas findings related to infection, both in the abdominal and CNS was present in the case of chronic-irritative intestinal perforation. We emphasize that symptoms such as vomiting, abdomen tenderness and guarding, which occur following perforation must be evaluated carefully in the postoperative patient. Abu-Dalu et al. (15) reported an acute intestinal perforation induced by a distal shunt catheter, the acute and traumatic type, that occurred as a chronic process. In our report, perforations due to acute-traumatic insult developed within 3 days while perforations developed within 3 months in chronic-irritative conditions.
During diagnosis, if the shunt is not externally protruded, it may be very important to see the catheter extending right into the intestinal lumen in the direct skiagram or to see the spreading of radiopaque material into the intestinal lumen following its injection into the shunt system (16, 17) . In our study, firstly by means of culture and laboratory studies, we investigated if any abdominal or CNS infections developed in the patients. As no CNS or abdominal infections were determined in the patients who suffered from an acute traumatic intestinal perforation, only a peritoneal catheter revision was done after primary intestinal repair. Additionally, the peritoneal catheter cannot be removed proximally and this point is very important in order to avoid the spread of the infection to the CNS. We can say that infection as a risk in the acute traumatic type is rather low when compared with the chronic irritative type. Brown et al. (18) emphasized that laparotomy may not be required during the removal of the peritoneal catheter by using endoscopy. The treatment of the patient who developed chronic-irritable intestinal perforation was done by removing the VPS. As he developed both abdominal and CNS infection, an external ventricular drainage was done until the CNS infection subsided and the shunt was then revised. Intestinal perforation induced by a shunt catheter is a serious complication. In a study carried out by Park et al. (8) it was found that 10 out of 50 patients with the mentioned complication died. Azimi et al. (19) stated that ventriculitis, meningitis, intraabdominal abscess, fecal fistulas and generalized peritonitis that occur due to intestinal perforation are lifethreatening complications. Sharma et al. (20) concluded that developing infections were the most important prognostic factors.
VPS is a common and easy method used in the treatment of hydrocephalus. The peritoneal cavity is a perfect area for the insertion of the distal catheter, however, this may lead to rare complications that increase morbidity and mortality. We conclude that, it would be wise to review the formation mechanism of the mentioned complications and study the methods of diagnosis and options therapy in order to decrease the incidence such complications and reduce mortality as well as morbidity.
